ABSTRACT. Rates of chimpanzee predation on mammals are calculated using data on 75 kills recorded during focal observation in Gombe National Park, Tanzania, from January 1972 to April 1975. The chimpanzees were members of two study communities (Kanyawara, or Northern, and Kahama, or Southern, community), and were observed as focal individuals for 14,583 hr by more than 30 researchers and field assistants working in pairs. The rate of predation by females was too low to allow reasonable estimates. For males, the mean rate of killing during the study period was 0.31 kills per male per 100 hr (N = 17 males), or 4.65 kills per 100 hr in the two communities. In contrast to results from Mahale Mountains, there was no difference in predation rate between wet and dry seasons. However, predation rates varied over time, increasing by four times between the first three and last four seasons of the sample period. In an average year the 15 adult and subadult male chimpanzees are calculated to have killed 204 prey per year in an area of 16 km z, varying between 99 and 420 prey per year in periods of low and high predation rate. Red colobus were the most frequent prey, followed by bushpig and bushbuck. Predation rates varied greatly on different prey species, and were not related to either the proportion of time spent within 200 m of male chimpanzees, or to their population densities. In relation to encounter rates and population density, baboons, blue monkeys, and redtail monkeys were killed at a fraction of the rate of red colobus monkeys, which suffered severe mortality from chimpanzee predation. Predation on bushpig and bushbuck also appears to have been high in relation to population density. The amount of food provided by predation is estimated to have averaged 600 kg per year for chimpanzees in the two communities (totalling 14-17 adult or subadult males, 18-20 adult of subadult females, and about 19 infants or juveniles). This suggests that adult males consumed around 25 kg of meat per year, although any average figure undoubtedly masks considerable individual variation. Present data suggest that chimpanzees in Gombe and Tai National Park, Ivory Coast, prey on mammals at rates higher than other populations.
INTRODUCTION
Since the first report by GOODALL (1963) of predation ort mammals, chimpanzees Pan troglodytes have been seen to eat at least 25 species of mammals ranging in size from small rodents (unidentified species, GOODALL, 1968; HLADIK, 1973) to juvenile bushpigs Potamochoerus porous estimated to weigh >20 kg (GoODALL, 1986) . Mammalian prey species inelude ten monkeys (Cercoeebus atys, Cereopitheeus aseanius, C. diana, C. aethiops, C. mitis, C. sabaeus, Colobus badius, C. polykomos, C. verus, Papio anubis) , four prosimians (Galago alleni, G. erassieaudatus, G. senegalensis, Perodietieus potto) (BoEscrl & BOESCH, 1989; GOODALL, 1986; HLADIK, 1973; MCGREW et al., 1979; NISHIDA et al., 1979; SUGIYAMA, 1981 ; SUZUKI, 1975; TAKAHATA et al., 1984; TELEKI, 1981) . Additionally, cannibalism of infants has been seen at three sites (Gombe National Park, Tanzania: BYGOTT, 1972; Mahale Mountains National Park, Tanzania: NISHIDA et al., 1979; Budongo Forest, Uganda: Suzuki, 1975) . Predation on mammals has been recorded in at least ten populations representing every major type of chimpanzee habitat, from primary forest (Ivory Coast, BOESCH & BOESCH, 1989; Liberia, ANDERSON et al., 1983; Uganda, Suzu~zr, 1975) to the dry woodlands in the extreme east (Ugalla, Tanzania: NISHI-DA, 1989 ) and west of their geographic range (Mr. Assirik, Senegal: MCGREW et al., 1979) . In many field studies predation has not been recorded (e.g. ALBRECHT & DUNNETT, 1971; AZUMA & TOYOSHIMA, 1962; DE BOURNONVILLE, 1967; DuvuY, 1970; GHIGLIERI, 1984; IZAWA, 1970; IZAWA & ITANI, 1966; JONES • SABATER Pi, 1971; KANO, 1971; KORTLANDT, 1962; NISSEN, 1931; REYNOLDS &; REYNOLDS, 1965) . However in most of these there was little direct observation of chimpanzees, and predation has since been reported in several of these study areas (e.g. Kibale Forest, G. I. -BASUTA, pers. comm.) . At present there is no good evidence of a chimpanzee population which does not at least occasionally eat mammals.
Predation on mammals is not the only source of animal food. Mammals may also be scavenged (HASEGAWA et al., 1983) or pirated from other predators (MORRIS & GOODALL, 1977) . Birds and their eggs are occasionally taken also (e.g. 6.4 % of 409 vertebrate prey in Gombe, GOODALL, 1986, Table 11 .2). There is one fecal record of a snake-skin (MCGREW et al., 1978) .
In some populations insects constitute important prey (e.g. MCGREW, 1979; UEHARA, 1986) .
Mammals are undoubtedly killed and eaten much more commonly than other vertebrates, however.
Despite the numerous reports of predation on mammals by chimpanzees, its ecological significance, both to different chimpanzee populations and to prey species, is poorly understood because of the difficulty of estimating how often it occurs. Previous estimates have relied largely on the number of predations observed in a given time, without allowing for unseen episodes. For instance, TAKAHATA et al. (1984) noted that the frequency of successful cases of predation appeared to be higher in Mahale (42 observed in 34 months, i.e. 14.8 per year) than in Gombe (71 in 69 months, i.e. 12.3 per year). However because these figures are minimal estimates the comparison is invalid. For instance in Gombe the true rate appears to be at least five times greater than the minimal estimate (below).
The problem of unobserved predations is considered to be less severe in Tai National Park in the Ivory Coast because the nine adult males of the Tai community regularly travel together. Since males also kill more often than females (81.6 % of 38 observed kills were by males), BOESCH and BOESCI-t (1989) considered that by following the core group of males they "missed few hunts performed by the central animals." The BOESCHS observed 100 hunts in 299 days. Based on a success rate of 60.0% (81 kills in 135 hunts observed over seven years), this suggested that the community (79 individuals living in 27 km 2) killed a minimum of 73.2 prey per year.
The Tai data indicate a predation rate comparable to a previous estimate from Gombe that attempted to account for unobserved predations. Data over a three-year period (August 1970 to August 1973 suggested an average annual rate of 63 predations, including piracy of carcasses from baboons, in an area of 16 km 2 (i.e. the community ranges of 31 adolescent and adult chimpanzees in two adjacent communities) (WRANGHA~, 1975) . This figure was based on 34 predations attended by focal individuals during 10,397 observation hours. The number of unobserved predations was estimated from data on the number of individuals attending each predation.
A better method for estimating rates of predation is to sum observed rates of killing by focal individuals, because it incurs fewer assumptions about the behavior of individuals not present at kills (e.g. it avoids the assumption that within age-sex classes individuals are equally likely to attend predations). Between January 1972 and April 1975 the intensity of observation in Gombe was sufficiently high that kill rates can be calculated. In this paper, therefore, we use an improved method to estimate the rate of predation on mammals. The aim of doing so is to provide a firmer basis for comparing predation rates among chimpanzee populations, to obtain a clear picture of the significance of meat in the diet of chimpanzees, and to understand the impact of chimpanzee predation on prey species. Such information should ultimately aid in reconstructing the diets of extinct apes such as australopithecines.
In the first part of the paper we examine predation frequencies regardless of prey species, and in the second we analyze species differences in the number killed. Cases of piracy from baboons, which account for approximately half of the cases when chimpanzees eat bushbuck fawns Tragelaphus scriptus (GOODALL, 1986) , are included as predations. Infanticide is excluded from the analysis. Chimpanzee predatory behavior at Gombe has been described and reviewed in detail by GOODALL (1968 ) and TELE~:I (1973 . Six species of medium-sized mammals have been killed regularly since 1960 (red colobus Colobus badius, redtail monkey Cercopithecus ascanius, blue monkey Cercopithecus mitis, baboon Papio anubis, bushbuck, and bushpig).
METHODS
The study site was described by GLUTTON-BRocK and GILLETT (1979) and GOODALL (1986) . Observations were made of two adjacent communities of habituated chimpanzees whose behavior and ecology were described by GOODALL (1986) . From 1972 to 1975 the Kasekela (Northern) community had 13-14 independent females, 9-10 males, and about 13 infants or juveniles; the Kahama (Southern) community had 5-6 females, 5-7 males, and about 6 young. The principal data analyzed here were collected from January 1972 to April 1975 (when at least one of us was working in Gombe) by more than 30 researchers and field assistants working in pairs. Each pair recorded the behavior of a single "focal individual" for periods from 1 hr to several days continuously (see GOODALL, 1986 for a detailed description of methods). Focal individuals were selected at random with respect to the timing of predation events, i.e. individuals were not selected as locals during attempted predations. A total of 14,583 focal observation hours were collected and are analyzed in this paper. Additional data on records of predation come from the records of the Gombe Stream Research Center from 1968 to 1975.
RESULTS

KILL FREQUENCY
Between January 1972 and April 1975, 80 prey animals were seen to be killed or eaten, including records when no chimpanzee was a focal individual. Focal individuals killed or participated in the killing of 30 prey. Six prey were killed by joint action between focal and Table 1) . The estimate of the overall kill rate is subject to bias due to uneven sampling of communities, individuals, seasons, and times of day. Since females killed so rarely, the influence of these variables is examined using only the data on males.
First, the average kill rate by males appears to be higher in the Kahama community (9.3 kills in 1,387 hr, i.e. 0.67/100 hr) than the Kasekela community (16.6 kills in 5,711 hr, i.e. 0.29/100 hr) ( Table 1) . Because the Kahama males contribute relatively few observation hours, this difference means that the combined rate of 0.36 kills/100 hr could be an underestimate. However, the high estimate for the Kahama rate is due primarily to one individual (Sniff). The mean kill rates by males within the communities are relatively close (Kasekela mean rate 0.34 kills/100 hr, Kahama 0.28 kills/100 hr). Provided that mean kill rates are used, therefore, rather than the total number of kills observed by focal individuals within each community, the data can justifiably be pooled.
Second, different individuals were focal subjects for different amounts of time. In each community the male with most time as focal individual killed at a high rate (Table 1) , suggesting the possibility that the overall rate is an overestimate. However there is no consistent relationship between individual kill rates and number of observation hours (Spearman p : 0.29, N : 17, n.s.). Uneven sampling of individuals appears not to have had important effects, therefore. Nevertheless it is clearly safest to use the mean rate of killing across individuals as the basis for estimating the total rate of prey capture by the two communities.
Though Table 1 shows considerable individual differences in kill rate, this is certainly at least partly due to the small sample size. All males except De, who was seen least often, were observed killing prey at least once between 1968 and 1975 (Table 1 ). At present, therefore, there is no firm evidence of long-term individual differences in the frequency of killing. However, Shift's high rate is certainly suggestive (Table 1) . Furthermore, GOODALL (1986) (Table l) , it is possible that these reflect real differences in individual kill rates. Third, kill rates varied over time. TAKAHATA et al. (1984) showed that in Mahale the proportion of chimpanzee feces containing mammalian remains was significantly higher in the dry season (1.4%, N : 2,837, May-October) than in the rainy season (0.5%, N : 1,380, November-April). Since in our sample more observation hours were accumulated during dry season months, TAKAHATA et al.'s conclusion raises the possibility that overall rates are overestimated by using data pooled from both seasons. Kill rates were therefore calculated separately for wet (November to April) and dry seasons (May to October). [GoODALL (1986) showed that total mean rainfall and number of rainy days per month show little overlap between these periods.] Table 2 shows that in Gombe, by contrast to Mahale, there is no indication that kill rates are higher in the dry season.
However, the observed kill rate changed over time, rising after the 1973 dry season and staying high for at least 18 months (Table 2 ). Comparing the number of kills in relation to the total number of observation hours, the rate of killing was significantly higher from November 1973 to April 1975 than from January 1972 to October 1973 , df ~ 1, p<0.01). If individual kill rates increased after October 1973, the number of predations attended by focal males when the prey was killed by a non-focal chimpanzee can also be expected to increase. The number of these non-focal predations is shown in Table 2 . Although there is the expected rise in the number of predations (mean non-focal predations attended per 100 hr = 0.31 from January 1972 to October 1973 , vs. 0.66 from November 1973 to April 1975 , the difference is not quite significant (ff -~ 3.15, df = 1, p<0.1). However the number of all kills observed during focal observations (i.e. made both by focal and nonfocal individuals) shows a clear increase after October 1973 (ff = 12.33, df= 1,p<0.001).
The rise in kill rate after October 1973 means that if seasons were sampled unevenly, the estimate of the average predation rate from January 1972 to April 1975 could have been biassed. However there is no tendency for the number of observation hours to be correlated with the kill rate (Spearman p = --0.21, N = 7, n.s.). Variation in the intensity of observation therefore does not appear to have influenced the estimate of the average kill-rate over this period.
Fourth, observation hours were distributed unevenly over the day, there being fewer in the early morning and late evening. However Table 3 shows that the proportion of kills recorded at different times of day closely reflects observation effort (r = 0.91, df= 6, p <0.01).
There is therefore no indication that any systematic biases were incurred from the greater intensity of observation in the middle of the day.
Thus although the estimate of the rate of killing must be treated cautiously because of its variability between years, it does not appear to have been biassed by uneven sampling. This allows us to calculate the number of kills made per year. From January 1972 to April 1975 the mean kill rate among the 17 males of both communities was 0.31 prey per 100 hr (s.d. = 0.45) (data from Table 2 ). Accordingly, we take the mean kill rate per male to be 0.31 prey per 100 hr, ranging between periods of low and high kill rate from 0.15 to 0.64.
The mean time spent by Gombe males between night-nests is 12 hr per day (WgANCHAM, 1977) . The average male, therefore, killed 13.6 prey per year (i.e. 0.0031 • 12 • 365), varying between years from 6.6 to 28.0. The number of adult males fluctuated by growth and death, averaging 15 per year. This means that from 1972 to 1975 males in the two communities are estimated to have killed an average of 204 prey annually (i.e. 13.6 • 15), varying between 99 and 420 prey in periods of low and high predation rates.
SPECIES COMPOSITION OF PREY
During focal observation from 1972 to 1975, 75 prey animals were identified. Of these, 76.0~ were red colobus monkeys, 17.3% bushpig, and three species contributed the remaining 6.6~ (Table 4 ). This shows clearly that red colobus dominated chimpanzees' mammalian diet during this period, as reported by GOOt)ALL (1986) (see Tables 4 & 5) . Jan. 1972 -Apr. 1975 1960 -1971 This might be considered unrepresentative because two earlier reports from Gombe suggested that red colobus were less frequently taken as prey. GOODALL (1968) found that red colobus made up only 28.6~ of 35 identified prey, while TELEKI (1973) reported that they constituted 19.0~ of a different sample of 21 kills. Although this possibly reflects a real change in the chimpanzee prey profile, it is more likely due to biases in the earlier sampies: observations during the 1960's were not primarily made on focal individuals. In particular, many predations recorded before the early 1970's were discovered ad lib., because they happened close to the artificial feeding area, where most observation occurred. In the adlib, observations red colobus made up a smaller proportion of prey (e.g. 28.6 ~, N = 21) than during focal observations (55.2~, N = 29, data from August 1970 to August 1973). The difference is easily explained by the fact that the habitat close to the artificial feeding area was used relatively little by red colobus, but heavily by baboons. Table 4 ). 1) Proportion of 5-min points on which the species was visible or audible within 200 m of a focal male chimpanzee (N = 11,942 5-min points, data collected by R.W.W. from May 1972 to September 1973).
Since the early 1970's, when focal observations became the primary method of data collection, the proportion of red colobus as mammalian prey has remained high. In GooD-ALL'S data from 1972 to 1981, for example, the mean proportion across years was 65.3 (• compared to 25.2~ (• before 1971 (Table 5) . Even though these data include a few non-focal observations, therefore, the large sample size and low interannual variation from 1972 to 1981 means that data from this period offer the safest estimate of the longterm prey profile. We therefore use it to estimate the impact of chimpanzees on particular prey species. The proportions of each species as prey from 1972 to 1981 are shown in Table 4 .
To obtain the number of each species killed annually, we use the average of 204 kills per year, together with the number of kills estimated for periods of low (99 kills) and high predation rate (420 kills). Results indicate that in an average year chimpanzees of the two communities killed 134 red colobus, rising to 275 during periods of high predation rate (Table 6 ). Bushpig and bushbuck also suffered substantial mortality, up to 69 and 53 killed annually. The total kills of other prey species are relatively trivial. Table 6 also shows the proportion of time that male chimpanzees spent in contact with prey species, i.e. when the observer heard or saw the species within 200 m of the focal male. Baboons were in proximity most often. (The value in Table 6 , 4.30 ~, is exaggerated by inclusion of habituated baboons: unhabituated baboons, which tended to leave after seeing observers, were present for 1.81 ~ of chimpanzees' time, i.e. still more than twice as much as any other species.) Red colobus, by contrast, were recorded for only 0.68 ~ of time. It is clear that in proportion to the amount of time spent in proximity, red colobus were more vulnerable than baboons to predations by chimpanzees. Baboons were evidently able to defend themselves more effectively (GoODALL, 1986) .
Unfortunately population size is not well known for any of the prey species. Figures in CLUTTON-BROCK (1972) suggest a population density in 1969 of approximately 20/km 2 for red colobus, 30/km 2 for baboons, and 11/km 2 for redtail and blue monkeys combined. However the estimates were not based on censuses. Bushpig are difficult to count because of their nocturnal habits and variable group size, but they appeared to be no more abundant than baboons, i.e. <30/km ~. Bushbuck densities have been recorded elsewhere as high as 20/ km ~ in Chobe National Park, Botswana (C. D. SIMPSON, pers. comm.) . By comparison to Chobe (R. W. W., pers. obs.), our guess is that in Gombe their density was no more than 6/kin 2. The combined community ranges of the Kasekela and Kahama community ranges was 16 km 2 (WRANGHAM, 1975; GOODALL, 1986) , SO the average annual kill density was 204/16 = 12.7 kills/kin 2 (range 6.2-26.2). Using the prey proportions reported for 1972 to 1981 (Table 4) , the above figures yield estimates for average annual proportions of the population density killed as follows: red colobus 41.6 %; baboon 1.1%; redtail and blue monkey (combined) 1.8%; bushpig 7.0%; and bushbuck 26.7%. (The bushbuck figure includes predation by both baboons and chimpanzees.) These should not of course be taken as accurate estimates. We present them solely to indicate their order of magnitude. They suggest that chimpanzees have substantial demographic effects on red colobus and possibly bushbuck, whereas their effects on baboons, redtails, and blue monkeys appear trivial. Bushpig mortality may also be importantly affected by chimpanzee predation.
DISCUSSION PREDATION RATES AT GOMBE AND IN OTHER CHIMPANZEE POPULATIONS
Out of 19 species of non-human primates observed to hunt and/or eat mammals in the wild, only baboons and chimpanzees eat prey larger than about 0.5 kg (BuTYNSKI, 1982) . Present data also indicate that hunting of mammals, or of vertebrates in general, is more common by baboons and chimpanzees than by other primates (BuTYNSKI, 1982) . Even among these species, however, the frequency of predation is normally too low to allow it to be estimated confidently.
Our data indicate that the rate of predation by Gombe chimpanzees over as long as four years is substantially higher than previously supposed (BussE, 1977; TELEKI, 1981) . Our estimate of an average of 204 kills per year is more than three times higher than the only previous estimate (WRANGHAM, 1975) and eight times higher than the figure from which BUSSE (1977) suggested, on the basis of observed predations only, that chimpanzees killed 4-6 % of the red colobus population annually. Its validity was tested by examining the effects of uneven sampling of communities, individuals, period, and time of day. No major effects were found, and we conclude that it gives a good approximation of the average rate of predation from 1972 to 1975. The reason that it is higher than the WRANGHAM (1975) estimate of 63 predations per year from August 1970 to August 1973 may be partly due to improved methodology in the present analysis. However there is a clear indication that predation rates were relatively low from January 1972 to October 1973 ( Table 2 ), so that the revised estimate in this paper is probably also a result of including data from a period when predation rates were relatively high.
The period of high predation rate (November 1974 to April 1975 is too short to justify strong confidence in its long-term significance. Nevertheless, although predation rates cannot be calculated precisely in subsequent years, the rate from 1972 to 1975 does not appear to have been higher than normal. Thus, the number of recorded predations from 1976 to 1981 was consistently high (mean = 35.8 per year, range 26-53), compared to a mean of 7.5 for 1970 to 1971 , and 23.5 for 1972 (calculated from Table ll.2 in GOODALL, 1986 . Although the high figures for 1976 to 1981 may have been due to an increase in observation effort, figures given by GOODALL (1986) for the number of observation hours from 1978 to 1981 suggest otherwise. Thus, the mean number of predations recorded per year (in all contexts) compared to the number of focal male observation hours was 2.87 per 100 hr from 1978 to 1981, compared to 0.85 per 100 hrfor 1972 to April 1975. Hence, predation rates may actually have increased after 1975. If our calculations of total predation rates are biassed, therefore, the conservative conclusion is that they are underestimates of the long-term rate.
The reasons for long-term changes in predation rate are obscure. There is no indication that artificial feeding has had any effect on the rate of predation except in increasing the number of baboon kills over the period of heavy banana provisioning in 1968 and 1969 (Table 4; WRANCHAM, 1974; TELEKI, 1981; GOODALL, 1986) . Possible factors influencing predation rates include changes in individual composition (and predatory tendency) within the community, changes in size of parties (sub-groups), and changes in prey availability (TELEKI, 1981; GOODALL, 1986) .
In our sample females killed at a very low rate. All studies on chimpanzees concur that females kill less often than males, but GOODALL (1986) showed that after 1976 females were regularly seen to kill red colobus, bushbuck, and bushpig. GOODALL (1986) suggested that the rate of killing by females in the present sample may have been underestimated because focal observations on females tended to be shorter than those on males.
Our estimate for Gombe is certainly not representative of other chimpanzee populations. However, it is rather similar to the estimate of annual kill rates for Tai chimpanzees (BoESCH & BOESCH, 1989) . Thus, if 73.2 kills are made in Tai per year, of which 81.6~o are made by nine males (see Introduction), the number of kills per male is (73.2 • 816/9) = 6.6 per year, compared to 13.6 per year at Gombe. Allowing for a porportion of Tai predations occurring without being seen, this suggests that individual predation rates by Tai and Gombe males have similar magnitude, perhaps somewhat higher at Gombe.
Though no observational data are available for other sites, fecal analysis provides a relative measure of the frequency of meat-eating (i.e. including scavenging). Adequate samples (at least 500 feces) have been analyzed at three sites. Results indicate that Mahale and Mt. Assirik chimpanzees eat meat at comparable rates (proportion of feces containing mammalian remains: Mt. Assirik 1.8 ~, N = 783, McGREW, 1983; Mahale 1.9 ~, N = 5,777, data combined from TA~AHATA et al., 1984 and UEHARA, 1986) . In Gombe the proportion of feces with mammalian remains is about three times higher (5.8~: June 1964 -December 1967 , N = 1,963, MCGREW, 1983 . Caution is required in interpreting these data because over time there can be considerable variation between samples at a single site. Thus for Mgroup at Mahale the proportion of feces with mammalian remains has varied from 1.1 (June 1975 -April 1982 , N = 4,217, TAKAHATA et al., 1984 ) to 5.9~o (September 1983 -February 1984 , N = 1,053, UEHARA, 1986 , while between years at Gombe it varied from 1. 5 ~/o (1967, N = 525) to 13.8 ~o (1964, N = 456) (MCGREW, 1983) . Nevertheless the fecal data indicate that on average Gombe and Tai chimpanzees are more predatory than Mt. Assirik and Mahale chimpanzees. If the simplest assumptions are made about the relation between kill rate and proportion of feces containing mammal remains, it suggests that male kill rates in Mt. Assirik and Mahale are about one-third of the Gombe rate, i.e. of the order of four prey per year.
The highest kill rates by non-human primates have been recorded among baboons. STRUM (1981, Table 8.11) found that the mean number of observation hours between kills in the PHG troop at Gilgil varied between years from 12 to 22 hr. The highest predation rate was in 1973, when seven males accounted for 93 ~ of 46 mammal kills (antelope fawns and hares) occurring once every 12 hr. At that rate each male would have killed an average of 49.0 prey per year. The rates of predation by Gombe and Tai chimpanzees are therefore not as high as the maximum recorded by non-human primates. Whether the long-term predation rates by any baboon population are as high as by chimpanzees in Gombe remains unclear.
AMOUNT OF MEAT EATEN BY CHIMPANZEES
Estimates of the amount of meat eaten depend on an unmeasured variable, the mean weight of prey. Adult female red colobus in Uganda weigh 7 kg (STRUHSAKER & LELANO, 1979) , and infants weigh about 0.6-1.0 kg (STRUHSAKER, 1975) . From August 1970 to April 1975 the size of prey was recorded for 62 kills: 30 were sized as infants, 16 juveniles, and 16 adults. By scoring infants as 1 kg, juveniles as 4 kg, and adults as 7 kg, the mean weight of a colobus kill is estimated at 3.3 kg. Hence, from 1972 to 1975 colobus kills provided an average of (133.6 • 3.3) = 440.9 kg of carcass per year, varying from 213.9 to 907.8 kg. All bushpigs killed were young. An estimate of 1.5 kg per kill indicates an annual supply of 50.6 kg, ranging from 24.4 to 104.0 kg. Thus these two species alone would have contributed 491.5 kg in an average year. Including meat from other mammals (Table 5) , as well as birds and kills by females, the total annual supply would reach around 600 kg. Almost all parts of prey animals are consumed (TELEKI, 1981) . Distributed among 15 adult males, 19 adult females, and 20 infants and juveniles, this would give a mean of 11.1 kg per individual. Males eat more meat than females, however, and adults eat more than young (TELEKI, 1973) . A more realistic distribution, therefore, would give 3 kg per offspring, 8 kg per female, and 25 kg per male in art average year, doubling to 6, 16, and 50 kg per year, respectively, in periods of high predation rates. Even this distribution across age-sex classes probably underestimates the proportion eaten by adult males on average, let alone by the most successful adult males.
There are no data on the weight of plant foods eaten by free-living chimpanzees. The proportion of food contributed by meat is therefore unknown. HILL (1982) used the previous estimate of 63 kills per year by the Kahama and Kasekela communities to suggest that the percentage of daily calories provided by meat at Gombe was 3 ~. Because this was outside the range observed among human foragers (12-86 ~o among seven populations), Hlrg (1982) concluded that "all human hunter-gatherers get a much greater proportion of their daily food requirements from meat than do any other primates thus far reported." The upward revision of the meat intake of Gombe chimpanzees suggests the possibility of overlap between male chimpanzees and some foragers in the contribution of meat to the diet, though it certainly remains true that in general chimpanzees eat much less meat than human foragers. Nevertheless these results emphasize the adaptable nature of chimpanzee diets and show that meat can be much more than an occasional item. If australopithecines were regular meat-eaters that evolved from a chimpanzee-like ape, their adaptation to the savannah was not necessarily accompanied by any major change in predatory tendencies.
MORTALITY RATES OF PREY SPECIES
The rates of mortality clearly differed between prey species. The best data are on baboons and red colobus, both of which have been studied in Gombe and have large populations.
Uncertainty about their population densities means that precise figures are not available, but the order of magnitude is clear in each case. The estimate of 1.1 ~ of the baboon population killed by chimpanzees annually is well below the potential population growth rate, so that demographic effects are presumably slight.
However red colobus evidently sustain a remarkably high rate of predation. They were calculated here to lose 41.6 ~ of their population to chimpanzee predation per year. Even if CLUTTON-BRoCICS estimate of red colobus population density was half the true density, this would still mean that red colobus were killed at a rate of over 20 ~o of their population per year. Furthermore these figures are based on the average rate from January 1972 to April 1975: from November 1973 to April 1975 the kill rate was double the average, suggesting that the predation rate on colobus would have increased correspondingly. Thus even the most conservative estimate implies that Gombe red colobus suffer one of the highest rates of predation known among primates. Although predation rates on primates are not well-known, estimates have been gathered from 30 populations (CHENEu & WRANGHAM, 1987) . The maximum estimated predation rates were >15~ (~ of population killed per year) (Galago senegalensis, Saguinusfuseicollis, and S. #nperator). It is doubtful that a predation rate of >40 ~ of the population killed annually could be sustained. BOESCH and BOESCH (1989) found that red colobus were the most frequent prey of chimpanzees (77 ~, N = 81) in Tai National Park. However the rate of predation appears lower than in Gombe. Thus based on BOESCH and BOESCH'S (1989) figures of 50 red colobus/km 2, 73.2 prey annually in the Tai community would represent 56.4 red colobus as prey in 27 km ~, i.e. 2/kin ~ or 4 ~o killed by chimpanzees per year.
Factors affecting vulnerability of Gombe species to chimpanzees were reviewed by TELEKI (1981). Red colobus were commonly caught in areas of broken canopy or isolated emergents offering few escape routes (e.g. in t3 out of 14 well-observed hunts, WRANGHAM, 1975) . This suggested that in Gombe red colobus may be particularly vulnerable to chimpanzee predation because the tree canopy is relatively broken and open compared to typical forest habitats (CLUTTON-BROCK & GILLETT, t979).
The idea that canopy structure is a good predictor of red colobus vulnerability to chimpanzees is supported by observations of groups of red colobus monkeys in Kibale Forest, Uganda, which vary considerably in their readiness to attack potential predators. Most react calmly to chimpanzees and humans, but three groups are particularly aggressive. All three live in heavily felled (i.e. broken canopy) forest, where they appear to be more vulnerable to predators than those living in closed canopy forest (GHIGLIERI, 1984; T. BUTYNSKI, pers. comm.) . The fact that most red colobus in Kibale occupy closed canopy forest may partly explain what appears (BoESCH & BOESCH, 1989) to be a low frequency of predation by chimpanzees there.
Further comparison between Gombe, Tai, and Kibale will help to clarify factors affecting the chimpanzee predation rate on red colobus. Meanwhile it is clear that although chimpanzees can be significant sources of mortality for both monkey and ungulate populations, the predation rate is poorly predicted by prey population density. Inter-populational differences in predation rates is also difficult to explain, as emphasized by BOESCH and BOESCH'S (1989) observation that Tai chimpanzees are much less easily deterred by red colobus aggression than are Gombe chimpanzees (or Kibale chimpanzees, G. I.-BASUTA, pers. comm.). Even when estimates of faunal density are available for australopithecines, therefore, reconstruction of their predation rates will not be easy.
